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0 Variable interior dimension cannula assembly. 



@ A cannula assembly for use In conjunction with 
endoscopic surgical techniques includes a cannula 
4, a housing 6 mounted on one end of the cannula, 
and a variable interior dimension cannula valve as- 
sembly 7 in the housing. The variable interior dimen- 
sion cannula valve assembly Includes a flexible tubu- 
lar member 9 having a distal portion 31 affixed to the 



housing, an intermediate portion 32 capable of 
changing interior dimension and a proximate portion 
33 including a rigid rotating means 15 and a locking 
means 17. The interior dimension of the cannula 
valve assembly may be set to a desired size to fit a 
surgical Instrument inserted Into the cannula pas- 
sage while maintaining a substanially air-tight seal. 
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Reld Of The Invention 

The present Invention relates to cannula as- 
semblies adapted to receive trocars, endoscopes 
or other surgical instruments for use in conjunction 
with insufflatory surgery, and more particularly re- 
lates to cannulas having variable interior dimension 
which allow receipt of surgical instruments having 
different diameters. 

Description Of The Background Art 

Insufflatory surgery involves filling a body cav- 
ity with pressurized gas to maintain the cavity 
under a certain predetermined pressure. Such sur- 
gery may be performed by first puncturing the skin 
of a desired body cavity region with a needle. 
Insufflation gas is then Introduced into the body 
cavity to inflate the cavity via a stylet In the needle. 

A trocar Is then used to puncture the body 
cavity. The trocar is inserted through a cannula or 
sheath, which cannula partially enters the body 
cavity through the Incision made by the trocar. The 
trocar may then be removed from the cannula, and 
an elongated endoscope may be inserted through 
the cannula to view the anatomical cavity. 

Various types of cannula or trocar assemblies 
are provided with valves so that when the trocar or 
other surgical instrument Is removed from or In- 
serted into the cannula a relatively constant or 
certain pressure is maintained within the body cav- 
ity. 

For example, U.S. Patent Nos. 4.601,710 to 
Moll and 4,654,030 to Moll et al. disclose trocar 
assemblies which include an elongate trocar ob- 
turator having a piercing tip at its front end and an 
elongate trocar tube or cannula In which the trocar 
obturator is housed. As shown in the '030 patent, a 
flapper valve may be employed to close off the 
cannula passage after the trocar obturator or other 
instrument has been withdrawn. 

A gasket may also be employed to ensure a 
sea! between the trocar assembly and an instru- 
ment Inserted therein. U.S. Patent No. 4,000,739 to 
Stevens, for example, teaches a hemostasis can- 
nula having a pair of juxtaposed gaskets mounted 
in the passageway to the cannula, the first having a 
round hole and the second a Y-shaped slit. U.S. 
Patent No. 3,994,287 to Turp et al. describes a 
trocar assembly which Includes a flexible insulating 
ring received In a flange and a collar which retains 
the flexible ring in the flange. The flexible ring is 
allowed to flex as an instrument is Inserted into the 
cannula and provides a seal with the instrument to 
prevent gas leakage. 

Endoscopic surgical procedures employ a vari- 
ety of surgical Instruments, e.g., endoscopes, bi- 
opsy forceps, bipolar forceps, coagulation probes, 



etc. Due to the relatively noninvasive nature of 
endoscopic procedures, endoscopy Is a preferred 
surgical approach when possible. As such, addi- 
tional Instruments and accessories for use in en- 

5 doscopic procedures are being introduced at a 
rapid pace. These instruments have differing sizes, 
for example, some instruments have a cross-sec- 
tional diameter in their elongate regions on the 
order of 5 mm whereas others have a diameter of 

10 10 mm or larger. In recognition of this instrument 
variability, cannulas are available In different inner 
diameters. Commercially available trocars offer 
cannulas having a broad range of inner diameters, 
ranging from 3 to 12 mms (e.g., 3, 5, 7, 8, 10, 11 

75 and 12 mm sizes). 

Despite the availability of trocar assemblies 
having cannulas of various sizes, it is both incon- 
venient and impractical for a surgeon to insert 
multiple cannulas Into a patient to accommodate 

20 the various instrument sizes employed in a given 
surgical procedure. This greatly restricts the flexi- 
bility available to surgeons in performing en- 
doscopic procedures. For example, the use of a 5 
mm instrument in a 10 mm cannula is not possible 

25 because a gas seal would not exist between the 
trocar assembly and the Instrument. Similarly, the 
use of a 10 mm instrument in a 5 mm cannula is 
Impossible because the instrument simply doesn't 
fit. It has therefore been necessary heretofore for a 

30 surgeon to effect multiple cannula placements or to 
employ accessory devices having a predetermined 
aperture diameter to accommodate the use of in- 
struments of varying sizes. Consequently, such 
multiple placement dictates multiple invasionary 

35 punctures into the body of a patient and the use of 
accessory devices can be a clinical nuisance. It is 
desirable to decrease the number of punctures 
because, e.g., the possibility of Infection would be 
decreased, patient discomfort would be decreased 

40 and both time and money would be saved, while 
accommodating instruments of varying diameters. 

OBJECTS AND SUMMARY OF THE INVENTION 

45 It is an object of the present invention to pro- 
vide a variable interior dimension cannula for an 
Insufflation trocar assembly which minimizes leak- 
age through the cannula while an obturator or other 
surgical instrument is Inserted in said cannula. 

50 It is another object of the present invention to 

provide an insufflation cannula assembly which can 
receive obturators or other surgical instruments 
having a range of different outside diameters. 

It is a further object of the present invention to 

65 provide an Insufflation cannula assembly which has 
means for varying the interior dimension of the 
cannula to correspond to the outside diameter of 
an obturator or other surgical Instrument allowing 
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for the use of several different sized instruments in 
a single cannula assembly. 

It is yet another object of the present invention 
to provide an insufflation cannula assembly for use 
with an obturator, endoscope or other surgical in- 
strument, which cannula assembly provides negli- 
gible or no gas leakage. 

It is yet a further object of the present invention 
to reduce the number of invasionary punctures 
necessary during the course of a surgical proce- 
dure. 

In one form of the present invention, a cannula 
assembly for use in conjunction with endoscopic 
surgical techniques includes a variable dimension 
valve mounted within the cannula. The variable 
dimension valve is adapted to receive surgical in- 
struments having different diameters while main- 
taining a substantially air-tight seal between the 
interior of the cannula and any of the surgical 
instruments used in conjunction with the cannula. 

The variable dimension valve includes a tubular 
member having first and second end portions and 
an intermediate portion between the two end por- 
tions. Upon application of torsional force to one or 
both of the ends, the Intermediate portion constricts 
or expands, thus reducing or increasing the interior 
dimension of the intermediate portion* The torsional 
force can be Increased and the Interior dimension 
of the valve is reduced until an airtight seal is 
formed against the surgical instrument. The interior 
dimension of the valve can be reduced to form an 
airtight seal on itself even in the absence of a 
surgical instrument inserted therethrough. 

The variable dimension valve may be mounted 
to the interior passage of the cannula by having 
one end portion of the valve fixedly attached to the 
interior passage and the other end portion fixedly 
attached to a rigid rotating means. Thus, when the 
rotating means is activated, the interior dimension 
of the valve can be made to constrict or expand as 
one of the end portions is rotated. 

The variable dimension valve may be fixedly 
mounted in the cannula's interior passage and co- 
axial with the cannula's opening using any known 
means, e.g., friction, mechanical devices, or adhe- 
sives. The other end portion of the valve may be 
mounted to the rotating means in similar fashion. 
The rotating means is provided with a means for 
fixing the position of the valve's end portions in 
place to allow for maintenance of a desired valve 
interior dimension. 

Preferred forms of the variable interior dimen- 
sion valve assembly, as well as other embodi- 
ments, objects, features and advantages of this 
invention, will be apparent from the following de- 
tailed description of illustrative embodiments there- 
of, which is to be read in connection with the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of a trocar assem- 
bly according to the present invention with an ob- 
5 turator assembly mounted thereon. 

FIG. 2 is a sectional view of the trocar assem- 
bly and obturator assembly shown in FIG. 1 , taken 
along line 2-2 of FIG. 1 . 

FIG. 3 is an isometric view of one embodiment 
10 of a variable dimension valve according to the 
present invention. 

FIG. 4 is a sectional view of the variable di- 
mension valve shown in FIG. 3, taken along line 

4- 4 of FIG. 3. 

75 FIG. 5. Is a sectional view of the variable di- 

mension valve shown In FIG. 3, taken along line 

5- 5 of FIG, 3. 

FIG. 6 is an isometric view of the variable 
dimension valve shown in FIG. 3, further depicting 
20 the valve after a torsional force has been applied. 

FIG. 7 is a sectional view of the variable di- 
mension valve shown in FIG. 6. taken along line 

7- 7 of FIG. 6. 

FIG. 8 is a sectional view of the variable di- 
25 mension valve shown in FIG. 6, taken along line 

8- 8 of FIG. 6. 

FIG. 9 is an isometric view of another embodi- 
ment of a variable dimension valve according to 
the present invention. 
30 FIG. 10 is a sectional view of the variable 
dimension valve shown in FIG. 9, taken along line 
10-10 of FIG. 9. 

FIG. 11 is an isometric view of another embodi- 
ment of a variable dimension valve according to 
35 the present invention. 

FIG. 12 is a sectional view of the variable 
dimension valve shown in FIG. 1 1 , taken along line 
12-12of FIG. 11. 

FIG. 13 is a partial view of a variable dimension 
40 valve mounted inside a cannula assembly. 

FIG. 14 is a partial view of the variable dimen- 
sion valve shown in FIG. 13 In a reduced interior 
dimension position sealing against a surgical instru- 
ment having an exterior diameter smaller than the 
45 maximum interior dimension of the cannula assem- 
bly. 

FIG. 15 is a partial view of another embodiment 
of a variable dimension valve mounted inside a 
cannula assembly according to the present inven- 
50 tion. 

FIG. 16 is a partial exterior view of the variable 
dimension valve and cannula assembly shown in 
FIG. 15. 

FIG. 17 is a transverse cross-sectional view of 
65 the variable dimension valve shown in FIG. 15, 
taken along line 17-17 of FIG. 15, 

FIG. 18 is a sectional view of the transverse 
cross-sectional view of the variable dimension 
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valve shown in FIG. 17, taken along lines 18--18 of 
FIG. 17. 

FIG. 19 is an isometric view of another embodi- 
ment of a portion of a variable dimension valve 
according to the present Invention. 

FIG. 20 is a top view of another embodiment of 
a portion of a variable dimension valve according to 
the present invention. 

FIG. 21 is a top view of a portion of the 
variable dimension valve shown In FIG. 20, further 
depicting the valve part after a torsional force has 
been applied. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring initially to FIGS. 1 and 2 of the draw- 
ings, it will be seen that an illustrative trocar as- 
sembly 20 used in connection with insufflatory sur- 
gical techniques according to the present invention 
basically includes a cannula tube 4, a housing 6 
mounted on one end of the cannula tube 4, and a 
variable interior dimension cannula valve assembly 
7 mounted on the housing 6 opposite and co- 
axially with cannula tube 4. The cannula tube 4 is 
formed as an elongated sleeve having opposite 
proximate and distal open ends, and thus defines a 
cannula passage 8 in its interior. The cannula tube 
4 may be formed from a stainless steel, fiberglass 
or other rigid material known to those with skill in 
the art. 

The housing 6 of the trocar assembly 20 is 
rigidly secured to the proximate end of the cannula 
tube 4. The housing 6 has an open interior for 
mounting other components of the cannula assem- 
bly, and has a valve compartment 10 defined, at its 
proximate end, by a circular plate 12 and walls 
10a, which valve compartment 10 is situated co- 
axially with the cannula tube 4. An 0-ring (not 
shown) may be mounted on the cannula tube 4 to 
prevent leakage between the cannula tube 4 and 
the housing 6. Additionally, the housing 8 includes 
a stopcock port 14 into which the nozzle of a 
stopcock (not shown) is inserted, the port 14 being 
provided for passing additional insufflating gas into 
a body cavity when indicated. 

The variable Interior dimension cannula valve 
assembly 7 basically includes a flexible tubular 
member 9 rigidly attached to the valve compart- 
ment 10 generally at point 11 and a rigid rotating 
means 15 having locking means 17. The locking 
means 17 Is shown in FIG. 2 as a pin 18 and 
detent pin receiving means 13. The locking means 
17 may incorporate a pinwheel device which 
mounts to the rotating means 15, which pinwheel 
device communicates with detents 13 disposed in 
the circular plate 12. The detents 13 can be placed 
at fixed intervals which correspond to fixed dia- 
metral gradations, thus facilitating a secure fit ar- 



ound surgical instruments having known diameters 
which are contained within the valve assembly 7. In 
practice, a surgeon turns the rotating means 15 
and. when the desired dimension is achieved, 

5 pushes down on the rotating means 15 thus push- 
ing the pins 18 of the pinwheel into the pin receiv- 
ing means 13 to achieve a locked dimension. 

The variable interior dimension cannula valve 
assembly 7 has a proximate opening 42 and distal 

10 opening 44 (see FIG. 4), both openings being situ- 
ated co-axially with the cannula tube 4. Applying 
torsional force by rotating the variable interior di- 
mension cannula valve assembly 7 via rotating 
means 15, causes the intermediate portion 32 to 

15 twist and, consequently, the interior dimension of 
the intermediate portion 32 (see FIGS. 3 through 7) 
to change. The tube 9 can range from being open, 
as shown in FIGS. 3 through 5, to being closed and 
air-tight, as shown in FIGS. 6 through 8. As can be 

20 seen in Figs. 3 through 5, when the tube 9 is wide 
open, a substantially circular aperture is provided 
by the valve. When torsional force is applied, the 
interior walls of the tube 9 move inward and toward 
one another and a collapsing polygonal aperture is 

25 formed. When the torsional force causes the inte- 
rior walls of the tube 9 to collapse such that the 
polygonal aperture Is completely closed, (as in 
shown In Figs. 6 through 8), the walls of the tube 
intersect at the central axis of the tube. In the 

30 embodiment depicted in Figs. 6 through 8, the 
polygonal aperture is substantially triangular and 
the lines of Intersection (formed by the intersecting 
walls) are equidistant, radiating outwardly from the 
central axis at approximately 120* angles. As 

35 above, the locking means 17 may be engaged to 
maintain a selected interior dimension. 

The trocar assembly 20, with Its cannula tube 
4, housing 6 and variable interior dimension can- 
nula valve assembly 7, is adapted to receive a 

40 surgical instrument through the valve assembly 7. 
An example of such an instrument is the obturator 
21 shown in FIGS. 1 and 2 of the drawings. 

The obturator 21 includes a hand grip portion 
or head 22, a shaft 24 mounted to the head 22 of 

45 the obturator 21 and extending outwardly from the 
head 22, and an obturator shield 26 which houses 
the shaft 24 and covers a piercing tip 28 for punc- 
turing the body cavity. A spring 29 in the head 22 
of the obturator 21 biases the shield 26 axially 

60 away from the head 22 so that it covers the ob- 
turator tip 28. 

The obturator 21 is mounted on the trocar 
assembly 20 so that the shaft 24 and shield 26 are 
slidably received in the cannula passage 8 with the 

55 obturator shield 26 extending beyond the distal end 
of the cannula tube 4. 

In operation, the distal end of the trocar assem- 
bly 20 is placed against the skin at the body cavity 
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region, and pressure is exerted on the head 22 of 
the obturator 21 thereby causing pressure against 
the skin. This pressure causes the obturator shield 

26 to be pushed rearwardly against the force of the 
spring 29 to a retracted position, thereby exposing 
the piercing tip 28 of the obturator 21 . The tip 28 
enters the skin and underlying tissue with contin- 
ued pressure. Once the tip 28 has penetrated the 
tissue and entered the cavity, the force against the 
distal end of the shield 26 ceases and the shield is 
automatically moved axialiy forward to Its extended 
position covering the tip 28 through the action of 
the spring 29. 

A more detailed description of a trocar assem- 
bly and its operation is provided in Moll et al. U.S. 
Pat. No. 4,654.030. which is incorporated herein by 
reference. 

As shown in FIG. 2, the trocar assembly 20 of 
the present Invention may include a flapper valve 

27 which opens to allow a surgical instrument, such 
as the obturator 21, to be inserted through the 
cannula tube 4, and closes when the surgical in- 
strument has been withdrawn, thus maintaining gas 
pressure in the body cavity which has been inflated 
with an Insufflation gas. 

Basically, the flapper valve 27 includes three 
components: a valve seat, a valve plug which en- 
gages the valve seat, and a mechanism for mount- 
ing the valve plug and for pivoting the plug into and 
out of engagement with the valve seat. 

A more detailed description of the flapper valve 
assembly described herein, and its operation, Is 
provided in Lander, U.S. Pat. No. 4,943,280, which 
is incorporated herein by reference. The ability of 
the valve, according to the present invention, to 
seal itself completely, renders the presence of the 
flapper valve optional. 

When the tubular member 9 Is used in con- 
junction with a locking means 17 having a pin and 
detent assembly, a flange 34 is affixed to the 
proximate portion 33 of the tubular member 9. 
Holes 46 in the flange 34 allow any pins 18 to pass 
through and engage detents 13 located on the 
circular plate 12 of the valve compartment 10. 

In accordance with the present invention, and 
as shown in FIGS. 13 and 14 of the drawings, the 
variable interior dimension cannula valve assembly 
7, includes a flexible tubular member 9, having a 
distal portion 31 , an intermediate portion 32, and a 
proximate portion 33 which Includes flange portion 
34, and holes 46 (see FIG. 9), as well as rotating 
means 15, and locking means 17 having pins 18 
and detent pin receiving means 13. In practice, the 
pins 18 are affixed to the rotating means 15 and 
pass through the holes 46 In the flange 34 and 
engage the receiving means 13 of circular plate 12, 
thereby maintaining the predetermined interior di- 
mension of the cannula valve assembly 7. The 



outside surface of the distal portion 31 is affixed to 
the interior surface of the walls 10a of the valve 
compartment 10 at interface 11. The proximate 
portion 33 of the tubular member 9 is rigidly affixed 

5 to the rotating means 15 via the flange 34 and has 
pins 18 passing through which engage the receiv- 
ing means 13 positioned in the circular plate 12 or, 
alternatively, the receiving means 13 positioned in 
the proximate portion of the housing 6. 

10 The intermediate portion 32 of flexible tubular 
member 9 Is designed to change interior dimension 
when torsional force is applied and portions 31 and 
33 are rotated in relation to one another while the 
interior diameter of portions 31 and 33 remains 

IS substantially unchanged. FIGS. 9 through 12 depict 
two embodiments of the tubular member 9 and 
formations of the intermediate portion 32 to allow 
for the interior dimension changes described 
above. In one embodiment, the Intermediate por- 

20 tion 32 of the tubular member 9 includes a smooth 
concave outer wall as depicted In FIG. 9 and fur- 
ther depicted in cross-section in FIG. 10. In the 
absence of any torsional force, the interior dimen- 
sion of the tubular member 9 is substantially uni- 

25 form. In FIG. 11, the intermediate portion 32 of the 
tubular member 9 is depicted as being fluted, with 
the flutes being disposed in a generally helical 
direction. The tubular member of FIG. 11 Is shown 
in cross-section in FIG. 12. It will be appreciated 

30 that any method or design known in the appro- 
priate art may be utilized to provide the necessary 
flexibility of intermediate portion 32. 

The flexible tubular member 9 may be made of 
any material which will allow for a variable interior 

35 dimension by rotating the ends of the tube 9 in 
relation to one another. Suitable materials include, 
for example, natural rubber, synthetic rubbers and 
elastomeric latexes. TYGON^" for example, may 
be used. 

40 The rigid rotating means 15 may be made of 
metal, nylon, rigid polyurethane, or other plastics. 
Further, it may be made of the same or different 
material than that of the housing. 

The distal portion 31 of flexible tubular member 

45 9 may be rigidly affixed to the walls 10a of the 
valve compartment 10 at interface 11 by any 
means known in the appropriate art, including, for 
example, by friction, adhesively or mechanically. 
The means need only ensure that rotation of proxi- 

50 mate portion 33 does not allow movement of distal 
portion 31. The composition, shape and size of 
flexible tubular member 9 is not critical as long as 
the tubular member 9 fits into, and can be rigidly 
affixed to the valve compartment 10, has an open- 

55 ing large enough to accept the desired surgical 
instruments and whose intermediate portion 32 
changes interior dimension upon rotation of oppos- 
ing ends 31 and 33. 
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Rigid rotating means 15 and pin(s) 18 may be 
formed as a single unit in conjunction with the 
flange 34 or as separate units and they may be of 
the same or different materials. They may be of 
any composition and size as is appropriate for 
flexible tube member 9 and valve compartment 10. 
While the locking means 17 illustrated in FIGS. 2. 
13 and 14 of the drawings are such that the pin 18 
physically enters receiving means 13, friction be- 
tween valve compartment 10 and rotating means 
15 and flange 34 may also be used where the 
composition of the walls 10a of the valve compart- 
ment 10 and rotating means 15 and flange 34 
provide the necessary coefficient of friction to 
maintain the desired orientation of rotating means 
15 to thereby provide and maintain whatever inte- 
rior dimension is desired of the intermediate por- 
tion 32. 

By way of illustration, FIG. 13 shows an ob- 
turator shield 26 having an exterior diameter of the 
size of the maximum interior dimension of the 
flexible tubular member 9 passing through the vari- 
able interior dimension cannula valve assembly 7. 
FIG. 14 shows the same variable interior dimension 
cannula valve assembly 7 with the interior dimen- 
sion of the flexible tubular member 9 reduced to 
seal around the shaft of a surgical instrument 50 
having an exterior diameter smaller than the maxi- 
mum interior dimension of the flexible tubular 
member 9, thus ensuring an effective seal. 

In an alternative embodiment shown In FIG. 15, 
locking means 17a Incorporates spring means 64 
which forces pins 18a securely into detent pin 
receiving means 13a. More particularly, this vari- 
able interior dimension valve assembly 7a includes 
a tubular member 9a having a distal portion 31a, an 
intermediate portion 32a having at least a portion 
that is flexible and/or resilient, and a proximate 
portion 33a having a proximate flange portion 34a. 
The distal portion 31a also includes a distal flange 
portion 35. The tubular member 9a is housed in 
valve compartment 10b at point of attachment 11a 
on wall 10c where the distal flange portion 35 is 
attached by an adhesive or such other means that 
are known to those with skill in the art. The spring 
means 64 is located in a spring means compart- 
ment 65 above rigid rotating means 15a. The rigid 
rotating means 15a covers the proximate flange 
portion 34a and has the pins 18a secured to Its 
distal-most portion. The pins 18a project in the 
direction of circular plate 12a. 

The spring means compartment 65 is defined 
at its distal portion by the rigid rotating means 15a. 
and at its proximate portion by the distal portion of 
an obturator head seat and spring support 60 and 
at its sides by obturator head seat and spring 
support connector 62 which fixedly connects the 
obturator head seat and spring support 60 to the 



walls 10c of the valve compartment 10b. The 
spring means 64 is attached to the distal portion of 
the obturator head seat and spring support 60 and 
pushes against the rigid rotating means 15a. 
5 Thus, the proximate portion 33a of the tubular 

member 9a is rotated in relation to the fixed distal 
portion 31 a by rotation of the rigid rotating means 
15a. In practice, the rotating means 15a is lifted 
against the force of the spring means 64 and away 
10 from the circular plate 12a and then rotated. As can 
be seen from FIGS. 15 and 16, the rotating means 
15a extends out beyond the outermost wall of the 
obturator head seat and spring support connector 
62 and Is easily grasped for such lifting and rotat- 
es ing. A surgical Instrument such as an obturator 21 
is inserted through the valve assembly 7a and the 
rotating means 15a is rotated until the intermediate 
portion 32a forms an air-tight seal against the ob- 
turator shield 26. The rotating means 15a is re- 
20 leased and the force exerted by the spring means 
64 propels the pins 18a into the detent pin receiv- 
ing means 1 3a and maintains the pins 1 8a in fixed 
position. 

The detent pin receiving means 13a is dis- 

25 posed on the circular plate 12a of the valve com- 
partment 10b. The individual detents making up the 
detent pin receiving means 13a may have varying 
degrees of depth. For example, FIG. 18 depicts 
shallow detents 13b and deeper detents 13c which 

30 accommodate different fixed settings of the valve 
assembly 7a. Thus, when maximum torsional force 
Is applied, and the resilient tubular member 9a is at 
maximum twist, the tubular member 9a generates 
its maximum counter-torsi onal force. Therefore, the 

35 deeper detents 13c provide more holding surface 
area and are better suited to maintain the pins 
within the detents than are shallower detents 13b, 
which are better suited for resisting against the 
lower counter-torsional force generated when the 

40 tubular member 9a Is at less than maximum twist. 
When the tubular member 9a is at maximum twist, 
the longitudinal length of the tubular member 9a is 
reduced by torsional compression. The deeper de- 
tents 13b also help accommodate the longitudinal 

45 change in orientation of the pins as the tube length 
decreases. 

While the above-discussed valve assembly 7 
and 7a incorporates a rotating means 15 and 15a 
and locking means 17 and 17a having a pin and 

so detent mechanism to rotate and maintain diametral 
position, rotation of portions of the tubular member 
9 and 9a may be controlled by a system of gears 
which imparts continuous diametral variability to 
the valve assembly. Thus, while the above-de- 

55 scribed pin and detent mechanisms maintain fixed, 
predefined diametral position, a gear mechanism 
allows a continuous range of diametral position to 
be achieved and maintained when desired. In FIG. 
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19, the tubular member 9 has affixed, at the proxi- 
mate portion 33, Involute helical gears 52 on par- 
allel shafts. When first gear 54 is rotated, second 
gear 56 turns and causes the Intermediate portion 

32 to change diameter as above. 

Another example of a suitable gear mechanism 
Is illustrated in FIGS. 20 and 21. A pinwheel 70 
having pins 76 is affixed to the proximate portion 

33 of the tubular member 9. which pinwheel 70 
communicates with a pinion gear 72. When shaft 
74 attached to the pinion gear 72 is rotated, the 
pinwheel 70 rotates, thus rotating the proximate 
portion 33 in relation to the distal portion 31 and 
the interior dimension of the tubular member 9 is 
changed. FIG. 21 depicts the tubular member 9 as 
completely sealed after rotation of the pinion gear - 
pinwheel assembly. The gear assembly need not 
be restricted to the specific embodiments de- 
scribed above but can incorporate other gear as- 
semblies that those with skill In the art might or- 
dinarily use. In addition, the gear assembly can be 
automated, as in the case of a reversible electric 
motor which is attached to the gear assembly. 

Claims 

1. A cannula assembly which comprises: 

a cannula; 

a housing mounted on one end of said 
cannula, said housing having an opening pro- 
vided therein; and 

a variable interior valve assembly which 

includes: 

I) a generally tubular member having first 
and second end portions and a flexible in- 
termediate portion; 

II) substantially rigid means attached to one 
end of said generally tubular member 
whereby application of torsional force to 
said rigid means and thereby to at least one 
end portion of said generally tubular mem- 
ber causes rotational displacement of said 
end portion relative to said other end por- 
tion thereby causing the inner dimension of 
said intermediate portion to change. 

2. An assembly as claimed in claim 1 and further 
comprising 

locking means associated with said rigid 
means and said cannula to selectively fix the 
position of said rotably displaced portion of 
said one end portion relative to said other end 
portion. 

3. A cannula assembly according to claim 2 
whereby said locking means is adapted to fix 
the rotationally displaced portion of said one 
end portion at steplessly selected degrees of 



rotation relative to said other end portion. 

4. A cannula assembly according to claim 2 or 3 
wherein said locking means comprises a sys- 

5 tem of gears. 

5. An assembly according to any one of the pre- 
ceding claims wherein said distal portion of 
said flexible generally tubular member is rig- 

10 Idly affixed to said housing. 

6. An assembly according to any one of the pre- 
ceding claims wherein said intermediate por- 
tion is comprised of less material than the first 

T5 and second end portions. 

7. An assembly according to claim 6 wherein the 
intermediate portion comprises a region having 
a wall thickness less than that of the end 

20 portions. 

8. An assembly according to any one of the pre- 
ceding claims wherein at least said intermedi- 
ate portion Is resilient. 

25 

9. An assembly according to any one of the pre- 
ceding claims wherein the outer surface of said 
intermediate portion is fluted. 

30 10. An assembly according to any one of the pre- 
ceding claims wherein the intermediate portion 
in the lengthwise direction of the valve assem- 
bly has a concave surface. 

35 11. An assembly according to claim 10 wherein 
the radially outer surface of the intermediate 
portion Is outwardly concave. 

12. An assembly according to any one of the pre- 
40 ceding claims wherein said portion rotationally 

collapses in the form of a polygonal aperture. 

13. An assembly according to claim 12 wherein 
the polygonal aperture is triangular, 

45 

14. An assembly as claimed in any one of the 
preceding claims wherein the characteristics of 
the Intermediate portion and its radially inward 
surface are such that the Inward surface is 

50 capable of forming a substantially air-tight seal 
between said Intermediate portion and a sur- 
gical instrument disposed therein. 

15. A valve for selectively varying the inner open- 
65 Ing of a cannula when positioned therein which 

comprises a generally tubular member having 
first and second end portions and a flexible 
intermediate portion configured such that when 
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said Intermediate portion is subjected to tor- 
sional force the inner dinrienslon of said inter- 
nnediate portion changes. 

16. A variable Interior dimension cannula valve as- 5 
\ sembly for a cannula assembly, the cannula 

assembly including a cannula definging a can- 
nula passage and a housing mounted on one 
end of said cannula, said housing having at 
least one opening provided therein, said vari- io 
able interior dimension cannula valve assembly 
mounted in said housing, said variable Interior 
dimension cannula valve assembly comprising: 
a flexible generally tubular member formed 
of a resilient material and situated proximate to is 
a housing opening, said flexible generally tubu- 
lar member having a passage formed therein, 
said flexible generally tubular member passage 
being in communication and co-axial with said 
cannula passage and adapted to allow surgical 20 
intruments of various external diameters to 
pass therethrough and into said cannula pas- 
sage while maintaining an effective insufflation 
gas seal, said flexible generally tubular mem- 
ber having a distal portion fixedly attached to 25 
said housing, an intermediate portion capable 
of changing interior dimension when subjected 
to a torsional force, and a proximate portion 
having a rotating means and a locking means 
thereby allowing for changing and maintaining 30 
a desired interior cannula dimension. 

17. A variable interior dimension valve for use 
within a cannula assembly which comprises an 
elongated tubular member having an opeing of 35 
generally cylindrical cross-section extending 
centrally therethrough, said tubular member 
having a portion thereof configured such that 
application of torsional force to the tubular 
member causes at least part of the portion to 40 
twist and vary the interior dimension of the 
portion. 
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